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Snohvit 1.5 MT 

In Salah 3.8 MT 

Sleipner 16 MT 



Fifteen Years of Large Scale Injection. 
What have we learned? 

• Safe, economical storage is practical. 

 

• Geochemistry is insignificant on this time 
scale. 

 

• Geomechanics is extremely important. 

 

 



Sleipner Vest project demonstrates 

1st order viability of commercial 

storage 

Miocene Aquifer: DW fan 
complex 
 30-40% porosity, 200 m thick 
 high perm. (~3000 mD) 

Geol. Survey of Denmark 
& Greenland 

http://www.statoil.com 

FIRST large volume CO2 sequestration, offshore 
Norway. Active since 1996 

Target: 1 MM t CO2/yr. 
So far, 16 MM t Operator: Statoil 

Partners: Norsk-Hydro, 
Petoro, Shell-Esso, Total-Elf-

Fina 



1st Learning: Segmentation is important 
even in a permeable sandstone 



Sleipner was good start. 

• No leakage 

• Continuous operation 

• 4-D seismic monitoring very accurate 



In Salah, Algeria: 1 M t/yr CO2 separated from produced 

gas was injected into aquifer below gas zones 



But satellite 
measurements 

immediately 
indicated an issue 



2nd Learning: Geomechanics is 
important. 

• Good monitoring was effective at In Salah. 

 

• No leakage has taken place. 

 

• Operations now complete. 



Back to Off Shore – 
Snohvit 



Figure Permanent pressure sensor at 1782 mTVDss, hourly data. 

Injection pressures 
rose steadily in 
early operations 



• 4D seismic reveals distinct channels and vertical stratification. 

• Lower perforation taking ~80% of the injection. 

Figure: 4D difference amplitude maps, lower perforation, from (Hansen et al, 2012).  Left: 2003-2009, Right: 2009-2011. 

4-D Seismic Indicated Channels 



1st Learning Repeated 

• Flow is channelized 

 

• In this case, restrictions limited injectivity 

 

• Well was recompleted in a higher unit, which 
now takes CO2 without any pressurization. 



Why aren’t there more large 
demonstrations? 

 
 



Large Scale Integrated Projects  
World Wide 

0

20

40

60

80

100

120

140

0

10

20

30

40

50

60

1
9

7
2

1
9

8
2

1
9

8
6

1
9

9
6

2
0

0
0

2
0

0
4

2
0

0
8

2
0

1
0

2
0

1
3

2
0

1
4

2
0

1
5

2
0

1
6

2
0

1
7

2
0

1
8

2
0

1
9

2
0

2
0

2
0

2
2

Operate Execute Define Evaluate Cum. Volume

N
u

m
b

er
 o

f 
P

ro
je

ct
s 

V
o

lu
m

e C
O

2  (m
tp

a) 

Data from Global CCS Institute 



CO2 EOR could double the 

cumulative oil production of the 

United States 
 

Roger Aines LLNL 15 



Global challenge          global progress:  

new global solutions still required 

Key unit of innovation – global engines of discovery 

Uthmaniyah (KSA) 

Lula (BRA) 

Quest (CAN) Mongstad (NOR) 

ESI (UAE)  

Gorgon (AUS) 

GreenGen (PRC) 

We just need more projects and more information 

http://www.google.com/url?sa=i&source=images&cd=&cad=rja&docid=ef2XcJ6gOs5L4M&tbnid=eO3s9KS6OT0InM:&ved=0CAgQjRw&url=http://en.wikipedia.org/wiki/Lula_oil_field&ei=vlblUp_WCMKVygGSpYDoCw&psig=AFQjCNF5JJxQfsLcKP6y44WSnq2PlsxC3A&ust=1390848062196104


$30/tonne approximate value 
 
 



 
Major US CCS Demonstration Projects Will Feed 

CO2 into EOR Efforts 

 

Southern Company Kemper 
IGCC Project, TRIG gasifier w/ capture 

EOR: ~3.0 M tons/y 
~$4.3B Total, $270M DOE 2014 start 

NRG W.A. Parish 
Post Combustion CO2 Capture 

EOR: ~1.4 M tons/y 
$775 M Total, $167M DOE  2016 start 

Summit TX Clean Energy 
Commercial Adv. Polygeneration EOR: 2.2 

M tons/y 
~$3.8B Total, $450M DOE   2017 start 

HECA 
Commercial Adv. Polygeneration EOR: 
2.2 M tons/y 

~$4B Total, $408M DOE  2019 start 

Leucadia Energy 
CO2 Capture from Methanol Plant 

EOR: 4.5 M tons/y 
$2.5B Total, $261M DOE  2017 start 

Air Products & Chemicals, Inc. 
Capture from Steam Methane Reformers 

EOR: 0.93 M tons/y 
$431M Total, $284M DOE  2014 start 

FutureGen  2.0 
Large-scale Oxy-Combustion w/ CCS 

Saline Formation: 1.1 M tons/y 
~$1.77B Total; ~$1.05B DOE   2018 start 

Archer Daniels Midland 
CO2 Capture from Ethanol Plant 
Saline formation: 0.9 M tons/y 

$208M Total, $141M DOE  2014 start 


